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(57) ABSTRACT

A tool 1includes a locator having a center aligned with a rotor
axis when disposed over the valve. The locator has a first
dimension approximately perpendicular with the rotor axis. A
wall of the locator forms a volume to allow an adjustor to be
disposed therein. The adjustor fits within the wall and has a
magnet having a magnetic axis to unlock the rotor. An adjust-
able outer wall has a first position dimension permitting the
adjustor to rotate about the center of the locator and aligning
the magnetic axis with the center. The adjustable outer wall
has a second position dimension less than the first dimension
and the first position dimension. The adjustor can move lat-
eral, rotational, and orbital 1n the locator misaligning the
magnetic axis with the center. Misaligning the magnetic and
rotor axes unlocks the rotors and the magnet maintains the
unlocked state even when the axes are misaligned.

15 Claims, 11 Drawing Sheets
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DYNAMIC ADJUSTMENT TOOL FOR
PROGRAMMING AN IMPLANTABLE VALVE

FIELD OF THE INVENTION

The mvention relates generally to surgically implantable
fluid drainage systems. More specifically, the invention
relates to extracorporeal tools for setting adjustable valves
used for cerebrospinal fluid drainage.

BACKGROUND

Hydrocephalus 1s a neurological condition caused by the
abnormal accumulation of cerebrospinal fluid (CSF) within
the ventricles, or cavities, of the brain. Hydrocephalus, which
can affect infants, children and adults, arises when the normal
dramnage of CSF 1n the brain i1s blocked in some way. Such
blockage can be caused by a number of factors, including, for
example, genetic predisposition, imtraventricular or intracra-
nial hemorrhage, infections such as meningitis, or head
trauma. Blockage of the flow of CSF consequently creates an
imbalance between the rate at which CSF 1s produced by the
ventricular system and the rate at which CSF 1s absorbed 1nto
the bloodstream. This imbalance increases pressure on the
brain and causes the ventricles to enlarge. Leit untreated,
hydrocephalus can result in serious medical conditions,
including subdural hematoma, compression of the brain tis-
sue, and 1impaired blood flow.

Hydrocephalus 1s most often treated by surgically inserting,
a shunt system to divert the flow of CSF from the ventricle to
another area of the body, such as the right atrium, the perito-
neum, or other locations 1n the body where CSF can be
absorbed as part of the circulatory system. Various shunt
systems have been developed for the treatment of hydroceph-
alus. Typically, shunt systems include a ventricular catheter, a
shunt valve and a drainage catheter. At one end of the shunt
system, the ventricular catheter can have a first end that 1s
inserted through a hole in the skull of a patient, such that the
first end resides within the ventricle of a patient, and a second
end of the ventricular catheter that 1s typically coupled to the
inlet portion of the shunt valve. The first end of the ventricular
catheter can contain multiple holes or pores to allow CSF to
enter the shunt system. At the other end of the shunt system,
the drainage catheter has a first end that 1s attached to the
outlet portion of the shunt valve and a second end that is
configured to allow CSF to exit the shunt system for reab-
sorption 1nto the bloodstream. Typically, the shunt valve 1s
palpatable by the physician through the patient’s skin after
implantation.

Shunt valves, which can have a variety of configurations,
can be designed to allow adjustment of their fluid drainage
characteristics after implantation. It 1s generally preferred to
enable external adjustment of the pressure threshold to avoid
invasive surgical procedures each time an adjustment 1s
required. In some shunt systems, the shunt valve contains a
magnetized rotor to control the pressure threshold of the
valve. Physicians can then use an external adjustment mecha-
nism, such as a magnetic programmer containing a poweriul
magnet, to adjust the pressure threshold of the shunt valve.
One 1ssue with magnetically programmable valves 1s a poten-
t1al for unintentionally adjusting the valve by the misapplica-
tion of an external magnetic field. Unintentional adjustment
of the valve could lead to either the overdrainage or underd-
rainage of CSF, which can result 1n dangerous conditions,
such as subdural hematoma. For example, the direction of
physical approach to the valve by a magnetic programmer, or
an 1nappropriate initial rotational orientation of a magnetic
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programmer with respect to the valve, has the potential to
inadvertently change a setting of the valve.

It1s also important to be able to externally read or verify the
setting of the valve. With some adjustable valves, x-ray
images are used to determine the current setting of the valve,
betore and after adjustment. With other adjustable valves, the
orientation of the rotor in the valve can be read magnetically,
using a magnetic compass-like device positioned above the
valve, outside the skin of the patient.

Although tools and methods exist for adjusting CSF shunt
valve settings, as do other tools and methods for reading a
valve setting, some are difficult to get the magnetic axis of the
adjustment tool to align with the magnetic axis of the rotor of
the valve. If the axes are not aligned, the rotor cannot be set in
the adjusting position. Unfortunately, there 1s no way for the
user to determine 1f the valve’s rotors are in the adjusting
position. Thus, the user believes that the valve’s rotors are in
the adjusting position, makes the adjustment, and then on
checking the setting, finds that the adjustment was not made.
The user may repeat this process numerous times, each time
attempting to align the axes to then find the adjustment was
not made.

Thus, a need exists for a magnetically programmable valve
systems having reduced probability of unintentional adjust-
ment, as well as a tool and method that allows for ease of
aligning the magnetic and rotor axes necessary to allow
adjustment of an implantable valve’s settings.

SUMMARY

Accordingly, the present invention provides tools and
methods for externally changing a setting of a magnetically
adjustable, implantable valve. An example of a tool for
changing a current setting of a magnetically readable and
settable valve implanted 1n a living being 1s described below.
The valve has an internal rotor rotatable about a rotor axis
having a locked and an unlocked state. The tool includes a
locator having a center aligned with the rotor axis when the
locator 1s disposed over the valve. In this example, the locator
can have a bottom with a cut-out of the valve or can be a ring.
The locator can also have a first dimension approximately
perpendicular with the rotor axis. The first dimension can be
a diameter of the locator. A wall of the locator can have a
second dimension approximately perpendicular to the first
dimension. The wall can form a volume 1n that the locator has
a depth to allow an adjustor to be disposed therein.

The adjustor has an adjustable outer wall that fits at least
partially within the wall of the ring. The adjustor has at least
one magnet having a magnetic axis. The magnet has a strong
enough magnetic field to unlock the internal rotor of the
valve. In one example, the magnet 1s disposed approximately
in a center of the adjustable outer wall. The adjustable outer
wall has a first position dimension approximately equal to or
less than the first dimension of the locator. This si1zing permits
the adjustor to rotate about the center of the locator. In an
example, the only movement of the adjustor permitted within
the locator 1s rotational about the center, accounting for a
small amount of play typical between separately formed
parts.

The magnetic axis can align with the center of the locator
when the adjustor 1s disposed within and the adjustable outer
wall has the first position dimension. The adjustable outer
wall also has a second position dimension less than the first
dimension and less than the first position dimension. This
s1zing permits the adjustor to move more freely inside the
locator. The adjustor can move at least lateral, rotational, and

orbital 1n the locator. This movement can misalign the mag-
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netic axis with the center of the locator when the adjustor 1s
disposed within and the adjustable outer wall has the second

position dimension. When the magnetic axis aligns with the
rotor axis, the rotor moves 1nto the unlocked state and the
rotation of the adjustor can set the valve when unlocked. The
rotor can return to the locked state once the adjustor i1s
removed from the locator. Once the magnet unlocks the rotor,
the magnet maintains the rotor in the unlocked state even
when the magnetic axis and rotor axis are misaligned.

A plurality of indicators can be disposed on the wall 1indi-
cating one or more valve settings. In one example, the mndi-
cators can be notches or lines on the locator or tabs extending
from the wall.

A flexible element can bias the adjustable outer wall to one
of the first position dimension or the second position dimen-
sion. Thus, the adjustor can be in either position 1n 1ts static
state. The flexible element can be compressed or expanded to
allow the adjustable outer wall to move between position
dimensions and then move back to its static state. The tlexible
clement can be locked 1n place or held under force by the user
to achieve the non-static position.

All of the above dimension can be diameters.

A method for adjusting the magnetically adjustable valve
from a current setting to a target setting 1s described below.
The method can include positioming a locator over the valve
and disposing the adjustor at least partially within the locator.
Then, permitting the adjustor to move at least two of lateral,
rotational, and orbital within the locator. This can include the
step of reducing a dimension of the adjustor to less than a
comparable dimension of the locator. In other words, reduc-
ing the diameter of the adjustor in comparison to the diameter
of the locator, the above movement allows the adjustor to be
non-concentric with the locator. During the movement of the
adjustor, aligning the magnetic axis with the rotor axis dis-
places the rotor 1nto the unlocked state. When the magnetic
ax1is and the rotor axis are misaligned, the magnet still main-
tains the unlocked state. The misalignment of the magnetic
ax1s and the rotor axis can occur due to a misalignment of the
locator over the valve. This misalignment occurs when the
user cannot place the locator 1n the precise position to align
the two axes. Then, the user can adjust the valve to the target
setting. Adjusting the valve can include expanding the dimen-
s1on of the adjustor to permait the adjustor to rotate within the
locator. The valve can then be locked again by placing the
valve rotor 1n the locked state by removing the adjustor from
the locator. Further, the adjustor can be biased to maintain one
of the reduced dimension or the expanded dimension.

BRIEF DESCRIPTION OF THE DRAWINGS

This mvention 1s described with particularity in the
appended claims. The above and fturther aspects of this mnven-
tion may be better understood by referring to the following
description 1n conjunction with the accompanying drawings,
in which like numerals indicate like structural elements and
features 1n various figures. The drawings are not necessarily
to scale, emphasis 1nstead being placed upon illustrating the
principles of the mvention.

The drawing figures depict one or more implementations in
accord with the present teachings, by way of example only,
not by way of limitation. In the figures, like reference numer-
als refer to the same or similar elements.

FIG. 1A 1s a cross-section along line I-1 of FIG. 1B illus-
trating an example of the valve 1n the locked rotor position;

FIG. 1B is a top view of the valve;

FIG. 1C 1s a cross-section view along line I-I of FIG. 1B
illustrating the valve 1n the unlocked rotor position;
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FIG. 2A 1s an 1illustration of the valve implanted in a
patient;

FIG. 2B 1s a top view of an example of a locator;

FIG. 2C 1s anillustration of the valve and locator as used on
a patient;

FIG. 2D 1s across-sectional view along line II-11 of F1G. 2C
1llustrating the valve and locator 1n use;

FIG. 3A 1s a top cross-sectional view of an example of an
adjustor;

FIG. 3B 1s a cross-sectional view along line III-11I of FIG.
3 A illustrating the adjustor;

FIG. 3C 1s a cross-section of an example the adjustor inside
the locator:;

FIG. 3D 1s a top view of an example of the adjustor in the
second wall diameter position inside the adjustor;

FIG. 4 A 1s a cross-section of the valve, locator and adjustor
in alignment;

FIG. 4B 15 a cross-section of the valve, locator and adjustor
out of alignment;

FIGS. SA-5C are graphs illustrating the position of the
rotor axis, center and magnetic axis over time;

FIG. 6 1s flow chart illustrating an example of a method of
adjusting an implanted valve;

FIG. 7 1s flow chart illustrating another example of a
method of adjusting an 1implanted valve;

FIG. 8 1s a further example of an implanted valve adjust-
ment tool;

FIG. 9 1s flow chart illustrating a further example of a
method of adjusting an implanted valve;

FIGS. 10A and 10C are top views of a locator with various
re-centering elements; and

FIGS. 10B and 10D are cross-section views of FIGS. 10A
and 10C, respectively.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth by way of examples in order to provide a
thorough understanding of the relevant teachings. However, 1t
should be apparent to those skilled 1n the art that the present
teachings may be practiced without such details. In other
instances, well known methods, procedures, components,
and/or circuitry have been described at a relatively high-level,
without detail, 1n order to avoid unnecessarily obscuring
aspects of the present teachings.

Methods and integrated tools of the present mvention
enable a physician to consistently and reliably change a set-
ting of (adjust) an implantable, magnetically settable valve
(valve) from a current setting to a target setting using a
dynamic adjustment tool. In an example, the valve 1s used to
control, via 1ts setting, at least one of CSF drainage flow and
pressure for a patient with hydrocephalus, 1s implanted under
a patient’s scalp or another portion of the patient’s skin, and
1s adjustable from outside (above) the patient’s skin.

Other tools and methods for extracorporeally reading and
adjusting a hydrocephalus valve are disclosed in U.S. Pat. No.
8,038,641 entitled “Tools and Methods for Programming an
Implantable Valve”, which 1s hereby incorporated by refer-
ence 1n 1ts entirety. Within the scope of the present invention,
teatures of the various examples disclosed herein can be used
in any combination to construct additional integrated tools
and methods for reading and adjusting an implantable valve.

Hydrocephalus valves read and adjusted by tools and meth-
ods of the present invention include a magnetic rotor, the
rotational orientation of which about a rotor axis 1s indicative
of, and used to modily, the current setting of the valve. An
externally applied magnetic field can be used to rotate the
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rotor about the rotor axis to adjust the valve to the target
setting. Additionally, some hydrocephalus valves include a
locking element to prevent accidental adjusting of the valve
by stray magnetic fields, requiring that a magnetic field for
adjusting the valve be applied along the rotor axis to unlock
the valve before turning the rotor about the rotor axis.

Any nomnvasive means for applying a magnetic field for
adjusting the valve, or for sensing the orientation of the rotor
to read the valve, can be incorporated 1n tools and methods of
the present invention. In some embodiments, the externally
applied magnetic field for adjusting the valve i1s provided
using one or more permanent magnet that can be physically
oriented about the rotor axis. In other embodiments, the exter-
nally applied magnetic field for adjusting the valve 1s pro-
vided using one or more electromagnet having a magnetic
field that can be electronically or physically oriented about
the rotor axis.

Reading the current valve setting 1s accomplished by sens-
ing the rotational orientation of the magnetic rotor about the
rotor axis. In some embodiments, sensing the rotational ori-
entation 1s accomplished using a magnetically responsive
mechanical device such as a magnetic compass. In other
embodiments, sensing the rotational orientation 1s accom-
plished using one or more electronic sensors capable of mea-
suring a magnetic field.

FIGS. 1A, 1B, and 1C illustrate a generalized implantable
valve 100 implanted beneath a patient’s skin 102. The valve
100 includes a magnetic rotor 104 having a rotor axis 106
about which the rotor 104 can be rotated by application of a
magnetic field, to adjust the valve 100. In an example, the
valve 100 has a plurality of predetermined settings corre-
sponding to a plurality of predetermined rotational orienta-
tions of the rotor 104 about the rotor axis 106. In an example,
the plurality of settings comprises eight settings.

It 1s to be understood that the valve 100 can be any mag-
netically settable, implantable valve comprising a magneti-
cally rotatable rotor, and further including valves that can be
magnetically unlocked. In an embodiment, the valve 100 1s
unlocked for rotation about the rotor axis 106 by a displace-
ment of the rotor 104 along the rotor axis 106, the displace-
ment provided by application an attractive magnetic field
along the rotor axis 106. In a further embodiment, the attrac-
tive magnetic field and the magnetic field for rotating the rotor
about the rotor axis are provided by a single magnetic source
that can be either a permanent magnet or an electromagnet.

FIG. 1A 1s a cross-section of the valve 100 when the rotor
104 1s 1n the locked position. The rotor 104 1s set 1n a locking
clement 108. The locking element 108 1s configured to pre-
vent the rotor 104 from rotating around the rotor axis 106 to
an alternative setting. Note, that 1n some examples, the rotor
104 can rotate within the valve 100 while locked. FIG. 1B
illustrates that the locking element 108 1s spaced around the
rotor axis 106 to allow for the predetermined rotational ori-
entations of the rotor 104 about the rotor axis 106. The pre-
determined rotational orientations of the rotor 104 corre-
spond to flow and pressure settings of the valve 100. For
example, the valve 100 can be set to tlow rates between 5-50
ml/hr to maintain pressures between 0-500 mm H, O, between
cight distinct settings. FIG. 1C 1s the same cross-section as
FIG. 1A, except for the fact that the rotor 104 has been
displaced along the rotor axis 106. This displacement
removes the rotor 104 from the locking element 108 and the
rotor 104 1s now iree to rotate around the rotor axis 106. Once
rotated about the rotor axis 106 to a new position, the rotor
104 can be set back within the locking element 108 to lock the
rotor 104 such that 1t 1s confined in the new position.
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FIG. 2 A 1llustrates the valve 100 implanted under the skin
102 of a patient’s skull S. Once implanted, the valve 1s under
the skin and typically covered by hair. Additionally, the area
surrounding the valve may experience localized swelling,
especially after surgery. To locate the valve 100 under the skin
102, the user typically palpates the skin 102 until she can feel
the valve 100. In one example, to facilitate the adjustment of
the valve, a locator 200 1s placed over the valve 100 on top of
the skin 102 of the skull S.

FIG. 2B illustrates an example of the locator 200. The
locator 200 can be typically circular and can have a diameter
D larger than a length L of the valve 100. The locator 200 can
have a cut-out 202 or gap shaped similar to the valve 100. This
allows the locator 200 to be oriented 1n the proper direction
when placed over the valve 100. The cut-out 202 can be
oriented such that once placed over the valve 100 the rotor
axis 106 1s aligned with a center 204 of the locator 200. While
an example can be circular, the locator 200 can have any
shape to allow the rotation and translation movements
described below. Thus, 1n one example, the locator 200 can be
non-circular and composed of numerous line segments.

The locator 200 can also have indicators 206, these can be
petals or tabs extending outside a circumierence 208 defined
by the diameter D (wherein circumierence 208 equals 2xdi-
ameter D). FIG. 2C illustrates a top view of the locator 200
placed over the valve 100 on the patient’s skull S.

FIG. 2D 1s a cross section 1illustrating both the valve 100
and the locator 200. The cut-out 202 of the locator 200 can be
placed over the valve 100 and can even receirve a small portion
of the valve 100, as the skin 102 may allow. The cut-out 202
can be formed 1n a bottom 210 of the locator 200. The locator
200 also can have a circumierential wall 212 depending from
the bottom 210 and, 1n one example, encircling the entire
bottom 210. The indicators 206 can depend from the circum-
terential wall 212 and a height 214 of the circumierential wall
212 can form a space or volume, within the locator 200.

Turming now to FIGS. 3A and 3B, an example of an adjus-
tor 300 1s illustrated. The adjustor 300 1s sectioned to see
within, and can have a magnetic core 302 including one or
more magnets 304 fixed inside the core 302. As above, the
magnets 304 can be permanent or electromagnets. In one
example, the core 302 can be centered 1nside the adjustor 300.
The magnets 304 can form a magnetic axis 306 which can
also be centered 1nside the core 302 and the adjustor 300. The
magnetic axis 306 can be the intersection point of the mag-
netic fields of the magnets 304, where the magnetic force of
the adjustor 300 coupling to the magnetic rotor 104 1s the
strongest. The adjustor 300 can also have a bottom 308 and a
wall 310 extending from the bottom 308 to form a cavity for
the core 302. The wall 310 can be a circular perimeter of the
adjustor 300 or can be formed from two or more segments.
The wall 310 can be held 1n place at a first wall diameter 312
by one or more resilient elements, (e.g. springs) 314. Upon an
actuation motion, which in some examples can be a rota-
tional, twisting, or compressive motion, the springs 314 are
compressed or flexed and the wall 310 1s drawn toward the
core to a second wall position 310a. The second wall position
310a provides a second wall diameter 316. The second wall
diameter 316 can be smaller than the first wall diameter 312.
Once the actuation motion 1s released, the springs 314 can be
released and the wall can return to the position of the first wall
diameter 312. Note, that in one example, the core 302 does not
change 1ts position within the adjustor, only the wall 310
changes 1t relative position.

The resilient elements 314, as described above, can be used
to re-center the adjustor 300 within the locator 200. Re-
centering, 1n one example, results 1n the magnetic axis 306
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and the center 204 of the locator 200 being coaxial. However,
other elements (not 1llustrated) within the locator 200 and
adjustor 300 that assist in providing some tactile feedback
when rotating the adjustor 300 within the locator 200 can also
be used to re-center the adjustor 300, for example, detent balls
and cam mechanisms.

As 1illustrated 1n FIG. 3C, the first wall diameter 312 1s
approximately equal to the diameter D of the locator 200, and
in one example, smaller. In this way, the adjustor 300 can {it
within and rotate mside a portion of the locator 200. In one
example, the bottom of the adjustor 308 can be 1n contact with
the bottom of the locator 210. When the adjustor 300 1s at the
first wall diameter 312 position, there can be little or no gap
between the adjustor wall 310 and the circumferential wall
212 ofthelocator 200. This fit between the two walls 212,310
can prevent most or all lateral or orbital movement of the
adjustor 300 within the locator 200. In an example, the only
movement permitted when the wall 310 1s at the first wall
diameter 312 1s rotational movement within the locator 200
about the center 204. This example allows the adjustor 300 to
rotate between indicators 206. In the first wall diameter 312
position, the magnetic axis 306 can be aligned, or coaxial,
with the center 204 of the locator 200.

Once an actuation motion 1s applied to the adjustor 300 and
the wall 1s 1n the second wall position 3104, the second wall
diameter 316 1s also less than the diameter D of the locator
200.

In an example:

the first wall diameter 312<D and the second wall diameter
316<<D.
Alternately:

the second wall diameter 316<first wall diameter 312<D.
This reduction 1n diameter to the second wall diameter 316
allows a gap 318 between the adjustor wall 310a and the
circumierential wall 212 of the locator 200. This gap 318
allows for lateral and orbital movement of the adjustor 300
within the locator 200. This movement can allow the mag-
netic axis 306 to come out of alignment, or be non-coaxial,
with the center 204 of the locator 200. The adjustor 300 can be
moved laterally, up down, left, and right in relation the posi-
tion of the locator 200 1n FIG. 3D, or can be orbited 1nside the
locator 200 by placing the walls 212, 310a 1n contact with
cach other and moving the adjustor 300 while maintaining the
contact between the walls 212, 310a. As 1n the above
example, once the actuation motion 1s removed, the walls 310
can return to the first wall diameter 312 position and the
lateral and orbital motions can be prevented and only rota-
tional movement can be allowed.

FIG. 4A 1llustrates the three elements, the valve 100, the
locator 200 and the adjustor 300 1n an example. The locator
200 1s centered 204 over the rotor axis 106 of the valve. Once
the adjustor 300 1s placed within the locator 200, the magnetic
ax1is 306 can then be coaxial with the center 204 of the locator
200 and the rotor axis 106 of the valve. In one example, it 1s
only 1n this position, specifically when the magnetic axis 306
1s coaxial with the rotor axis 106, that the magnetic field
generated by the magnets 304 1s aligned to displace the rotor
104 out of the locking element 108 and 1nto the position to be
adjusted. To adjust the position of the rotor 104, the adjustor
300 1s rotated within the locator 200 and the magnets 304
move the rotor 104 to the next position. Once the adjustor 300
1s removed from the locator 200, the rotor 104 1s repositioned
into the locked position and restrained by the locking element
108 from any further movement.

The adjustment position described above 1s typically diifi-
cultto achieve on the first attempt by the user. As noted above,
at least hair and swelling are reasons why the user misaligns
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the locator 200 over the valve 100. FIG. 4B illustrates an
example of a misalignment. If the center 204 of the locator
200 1s not aligned with the rotor axis 106, then 1t 1s likely that
the magnetic axis 306 1s not coaxial with the rotor axis 106
and cannot displace the rotor 104 to permit it to be adjusted.
In this situation, multiple attempts are made to position the
adjustor 300 to adjust the valve 100. In one example, there 1s
no feedback to the user when the magnetic axis 306 1s coaxial
with the rotor axis 106, thus the user can easily believe the
adjustment has been made. To confirm the adjustment, the
user needs a separate tool to determine the position of the
rotor 104. An indicator (not illustrated) can be used to deter-
mine the position of the rotor 104, and 11 the indicator reports
that the valve 100 has not been adjusted, the user must repeat
the process with the locator 200 and adjustor 300, trying to
align the magnetic axis 306 with the rotor axis 106 to perform
the adjustment.

Allowing the adjustor 300 to move within the locator 200
can, 1n one example, solve this problem. Setting the wall 310qa
to the second wall diameter 316 allows the adjustor 300 to
move within the locator 200. This allows the magnetic axis
306 to move away from the misaligned center 204 of the
locator 200. This increases the chance that the magnetic axis
306 can be moved to a position coaxial with the rotor axis 106
to unlock the rotor 104. In one example, once the rotor 104 1s
unlocked, moving the adjustor 300 either laterally or orbital
within the locator 200 does not allow the rotor 104 to move to
the locked position. Thus, the final position of the adjustor
300, once the wall 310 1s returned to the first wall diameter
312, does not need to have the magnetic axis 306 coaxial with
the rotor axis 106 to perform the adjustment.

FIGS. 5A-5C illustrate this principal graphically. FIG. 5A
1s the 1imitial position of the rotor axis 106 in the valve 100, the
center 204 of the locator 200 and the magnetic axis 306 of the
adjustor 300. The rotor axis 104 1s at position (4,4) and the
center 204 and the magnetic axis 306 are at position (2,2).
Thus, the magnetic axis 306 1s not coaxial with the rotor axis
106 and the adjustment of the rotor 104 cannot be performed.
FIG. 5B illustrates a position when the user has applied the
actuation motion, the wall 310« 1s 1n the second wall diameter
316 position, and 1s moving the adjustor 300 within the loca-
tor 200. Line 320 1llustrates a possible path the adjustor 300,
and thus the magnetic axis 306, can take to result in the
magnetic axis 306 being coaxial with the rotor axis 106. Note
that the coordinates of the center 204 (2,2) and the rotor axis
106 (4,4) did not change, just the position of the magnetic axis
306 (now (4,4)). Once the two are coaxial, the rotor 104
unlocks, and 1n FIG. 5C, the magnetic axis 306 can return 322
to 1ts position concentric with the center 204, when the wall
310 1s returned to the first wall diameter 312 position. In one
example, the adjustor 300 does not provide information to the
user that the rotor 104 has been unlocked. It 1s the motion of
the adjustor 300 within the locator 200 that increases the
chances that the magnetic axis 306 and the rotor axis 106
align. Since the two did align, the user can now perform the
adjustment and the rotor 104 can respond to the adjustor 300.
In an example, the rotor 106 only returns to the locked posi-
tion once the adjustor 300 1s removed from the locator 200,
the movement of the adjustor 300 within the locator 200 does
not lock the rotor 104.

FIG. 6 illustrates a flow chart of an example of this method.
A user can palpate the skin 102 to locate the valve 100 (step
400). The user can position the locator 200 over the valve 100
once located (step 402). The position can be such that the
rotor axis 106 of the valve 100 and the center 204 of the
locator 200 can be either aligned or not aligned. With the
locator 200 1n place, the user can determine the existing
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setting of the rotor 104, with, for example, and indicator tool
(not 1llustrated) (step 404). The user then 1nserts the adjustor
300 1n the locator 200 (step 406) and performs the actuation
motion (step 408), moving the wall to the second wall diam-
cter 316 position (step 410). The user can then, in this
example, move the adjustor 300 in the locator 200 until the
magnetic axis 306 1s coaxial with the rotor axis 106, unlock-
ing the rotor 104 (step 412). This movement can be called
“floating” the adjustor 300 within the locator 200. The mag-
netic axis 306 1s then moved out of alignment with the rotor
ax1is 106 (step 414) and the wall 310 1s moved back to the first
wall diameter 312 position (step 416). The rotor 104 remains
unlocked as the user adjusts the rotor 104 setting with the
adjustor (step 418), 1n one example, by rotating the adjustor
300. The adjustor 300 1s then removed from the locator 200
(step 420) locking the rotor 104 into 1ts new setting (step 422).
The user then typically confirms the new setting with the
indicator tool (step 424).

In a simplified example of the method, FIG. 7 illustrates
that the user can position the locator 200 over the valve 100
(step 450) and reduce the size of the adjustor 300 disposed 1n
the locator (step 452). The user can shiit the location of the
magnetic axis 306 until 1t 1s aligned with the rotor axis 106 of
the valve, unlocking the rotor 106 for adjustment (step 454).
The magnetic axis 306 can be moved out of alignment with
the rotor axis 106, but the rotor 104 remains unlocked (step
456). The rotor 104 can be adjusted by rotating the adjustor
300 1n the locator 200 (step 458). The rotor 104 can then be
locked by removing the adjustor 300 (step 460). In another
example, discussed below and 1llustrated in FIGS. 10A-10D,
the adjustor can be recentered within the locator using re-
centering elements on the locator (step 457).

FI1G. 8 1llustrates another example of a tool 500 for chang-
ing a current setting of a magnetically readable and settable
valve 100 implanted 1n a living being. The valve 100 has an
internal rotor 104 rotatable about a rotor axis 106 having a
locked and an unlocked state. The tool includes a locator 600
having a center 602 aligned with the rotor axis 106 when the
locator 600 1s disposed over the valve 100. In this example,
the locator 600 can be a ring and does not have either a bottom
or cut-out of the valve. The locator 600 can also have a first
dimension 604 approximately perpendicular with the rotor
ax1s 106. The first dimension 604 can be a diameter of the ring
600. A wall 606 of the ring 600 can have a second dimension
606 approximately perpendicular to the first dimension 604.
The wall 606 can form a volume 1n that the ring has a depth to
allow an adjustor 700 to be disposed therein.

The adjustor 700 has an adjustable outer wall 702 that fits
at least partially within the wall 606 of the ring 600. The
adjustor 700 has at least one magnet 704 having a magnetic
axis 706. The magnet 704 has a strong enough magnetic field
to unlock the internal rotor 104. In one example, the magnet
704 1s disposed approximately 1n a center 708 of the adjust-
able outer wall 702. The adjustable outer wall 702 has a first
position dimension 710 approximately equal to or less than
the first dimension 604 of the locator 600. This sizing permits
the adjustor 700 to rotate about the center 602 of the locator
600. In an example, the only movement of the adjustor 700
permitted within the ring 600 1s rotational about the center
602, accounting for a small amount of play typical between
separately formed parts.

The magnetic axis 706 can align with the center 602 of the
locator 600 when the adjustor 700 1s disposed within and the
adjustable outer wall 702 has the first position dimension 710.
The adjustable outer wall 702 also has a second position
dimension 712 less than the first dimension 604 and less than
the first position dimension 710. This sizing permits the
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adjustor 700 to move more ireely inside the ring 600. The
adjustor 700 can move at least lateral, rotational, and orbital
in the locator 600. This movement can misalign the magnetic
axis 706 with the center 602 of the ring 600 when the adjustor
700 1s disposed within and the adjustable outer wall 702 has
the second position dimension 712. When the magnetic axis
706 aligns with the rotor axis 106, the rotors 104 move into
the unlocked state and the rotation of the adjustor 700 sets the
valve 100 when unlocked. The rotor 104 can return to the
locked state once the adjustor 700 1s removed from the locator
600. Once the magnet 704 unlocks the rotor 104, the magnet
704 maintains the rotor 104 1n the unlocked state even when
the magnetic axis 106 and rotor axis 106 are misaligned.

A plurality of indicators 608 can be disposed on the wall
606 indicating one or more valve settings. In one example, the
indicators 608 can be notches or lines on the ring 600.

A flexible element 714 can bias the adjustable outer wall
702 to one of the first position dimension 710 or the second
position dimension 712. Thus, the adjustor 700 can be in
either position 1s its static state. The flexible element 714 can
be compressed or expanded to allow the adjustable outer wall
702 to move between position dimensions 710, 712. The
flexible element 714 can be locked in place or held under
force by the user to achieve the non-static position.

All of the above dimension can be diameters.

FIG. 9 illustrates another example of a method for adjust-
ing the magnetically adjustable valve 100 from a current
setting to a target setting. The method includes positioning a
locator over the valve (step 800) and disposing the adjustor at
least partially within the locator (step 802). Permitting the
adjustor to move at least two of lateral, rotational, and orbital
in the locator (step 804 ). This can include the step of reducing
a dimension of the adjustor to less than a comparable dimen-
sion of the locator (step 806). In other words, reducing the
diameter of the adjustor 1n comparison to the diameter of the
locator, this movement allows the adjustor to be non-concen-
tric with the locator. During the movement, aligning the mag-
netic axis with the rotor axis and displacing the rotor into the
unlocked state (step 808). When the magnetic axis and the
rotor axis are misaligned, the magnet 1s still maintaining the
unlocked state (step 810). Then, adjust the valve to the target
setting (step 812). Adjusting the valve can include expanding
the dimension of the adjustor to permit the adjustor to rotate
within the locator (step 814). The valve can then be locked
again by placing the valve rotor 1n the locked state by remov-
ing the adjustor from the locator (step 816). Further, the
adjustor can be biased to maintain one of the reduced dimen-
s1on or the expanded dimension (step 818).

Other examples of floating an adjustor within a locator are
illustrated 1n FIGS. 10A-10D. In these examples, the locator
900 can include one or more re-centering elements 902. In
FIGS. 10A & 10B, the re-centering elements 902 are springs
9024 loading a smaller central ring 904. The ring 904 1s s1zed
to recerve a smaller sized adjustor 1000. Smaller, 1n this
example, can be smaller than a diameter of the adjustor but
s1zed to fit the ring. The smaller diameter can be similar to the
second wall diameter 316 noted above. When all springs 9024
are balanced, the adjustor 1000, and 1ts magnetic axis 1002,
can be centered 1n the locator 900. However, the springs 902qa
allow the ring 904, and thus the adjustor 1000 move within the
larger locator 900 to assist in aligning the magnetic axis 1002
with the rotor axis.

FIGS. 10C & 10D illustrate another example of a locator
900 with re-centering elements 902. In this example, the
re-centering elements 902 can be tactile elements 9025. The
tactile elements 9025 can be araised or grooved surface of the
locator 900. The tactile elements 9025 are set inwards from an
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outer wall 906 of the locator. In one example, the tactile
clements 90256 are set in a circular pattern and correspond
with setting positions of the valve.

Correspondingly, the adjustor 1000 can have a mating tac-
tile surface 1004, grooves or raised surfaces. When the tactile
clements 90256 and the mating tactile surface 1004 are prop-
erly set into each other, and when the user rotates the adjustor
1000 1nside of the locator 900, there 1s some form of physical
or auditory feedback to the user. The proper setting to receive

teedback 1s when the adjustor 1000 1s centered in the locator
900.

In another example, the physical feedback can also be
provided at the time the adjustor 1000 1s centered in the
locator 900. In either example, when the adjustor 1000 1s
moving within the locator 900, the user will experience either
no or diminished feedback, alerting the user that the adjustor
1000 1s not centered. This allows the user to float the adjustor
1000 and then recenter 1t to adjust the valve.

Further to the above, the tactile elements 90254 and the
mating tactile surface 1004 can also be mversed, in an
example. By that, the feedback delivered to the user can be
experienced only when the adjustor 1000 1s not centered.
Once centered, no feedback 1s provided to the user.

While the foregoing has described what are considered to
be the best mode and/or other examples, it 1s understood that
various modifications may be made therein and that the sub-
ject matter disclosed herein may be implemented 1n various
torms and examples, and that the teachings may be applied 1n
numerous applications, only some of which have been
described herein. It 1s intended by the following claims to
claim any and all applications, modifications and variations
that fall within the true scope of the present teachings.

We claim:

1. A tool for changing a current setting of a magnetically
readable and settable valve implanted 1n a living being, the
valve having an external cross-section and an internal rotor
rotatable about a rotor axis having a locked and an unlocked
state, the tool comprising:

a locator comprising:

a center aligned with the rotor axis when disposed over
the valve;

a first dimension approximately perpendicular with the
rotor axis; and

a wall having a second dimension approximately per-
pendicular to the first dimension and forming a vol-
ume; and

an adjustor disposed 1n the volume, comprising:

an adjustable outer wall at least partially disposed within
the volume; and

a magnet unlocking the internal rotor, having a magnetic
axis, and disposed approximately in a center of the
adjustor;

wherein the adjustable outer wall has a first position
dimension approximately equal to or less than the first
dimension of the locator, permitting the adjustor to
rotate about the center of the locator;

wherein the magnetic axis 1s aligned with the center of
the locator when the adjustor 1s disposed 1n the vol-
ume and the adjustable outer wall has the first position
dimension;

wherein the adjustable outer wall has a second position
dimension less than the first dimension of the locator
and less than the first position dimension, permitting
the adjustor to move at least two of lateral, rotational,
and orbital 1n the volume of the locator:
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wherein the magnetic axis can be misaligned with the
center of the locator when the adjustor 1s disposed in
the volume and the adjustable outer wall has the sec-
ond position dimension;

wherein the rotor 1s 1n the unlocked state when the mag-
netic axis aligns with the rotor axis; and

wherein the rotation of the adjustor sets the valve when the
rotor 1s 1n the unlocked state.

2. The tool of claim 1, wherein the locator further com-

Prises:

a guide to dispose the locator over the valve; and

a plurality of indicators disposed on the wall indicating one
or more valve settings.

3. The tool of claim 1, wherein the rotor returns to the
locked state once the adjustor 1s removed {rom the volume of
the locator.

4. The tool of claim 1, wherein the adjustor further com-
Prises:

a flexible element biasing the adjustable outer wall to one
of the first position dimension or the second position
dimension.

5. The tool of claim 4, wherein the flexible element 1s one
of compressed or expanded to allow the adjustable outer wall
to move to one of the second position dimension or first
position dimension, respectively.

6. The tool of claim 1, wherein once the magnet unlocks the
rotor, the magnet maintains the rotor 1n the unlocked state
when the magnetic axis and rotor axis are misaligned.

7. The tool of claim 1, wherein the first dimension, the first
position dimension, and the second position dimension are a
first diameter, a first position diameter and a second position
diameter, respectively.

8. A tool for changing a current setting of a magnetically
readable and settable valve implanted 1n a living being, the
valve having an external cross-section and an internal rotor
rotatable about a rotor axis having a locked and an unlocked
state, the tool comprising:

a locator comprising:

a center aligned with the rotor axis when disposed over
the valve;

a first dimension approximately perpendicular with the
rotor axis;

a wall having a second dimension approximately per-
pendicular to the first dimension and forming a vol-
ume; and

a re-centering element disposed 1n the volume; and

an adjustor disposed in the volume, comprising:
an outer wall at least partially disposed within the vol-

ume; and

a magnet unlocking the internal rotor, having a magnetic
axis, and disposed approximately in a center of the
adjustor;

wherein the outer wall has an adjustor dimension less
than the first dimension of the locator, permitting the
adjustor to move at least two of lateral, rotational, and
orbital in the volume of the locator:;

wherein the re-centering element 1s configured to center
the adjustor 1n the locator, which 1s the magnetic axis
aligned with the center of the locator, permitting the
adjustor to rotate about the center of the locator;

wherein the magnetic axis can be misaligned with the
center of the locator when the adjustor 1s disposed 1n
the volume:

wherein the rotor 1s 1n the unlocked state when the mag-
netic axis aligns with the rotor axis; and

wherein the rotation of the adjustor sets the valve when the
rotor 1s 1n the unlocked state.
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9. The tool of claim 8, wherein the re-centering element 1s
one of a resilient element and a ring or one or more tactile
clements.

10. A method for adjusting a magnetically adjustable valve
from a current setting to a target setting, the valve being
implanted 1n a patient and the valve having an internal rotor
rotatable about a rotor axis having a locked state and unlocked
state, the method comprising:

placing a locator over the valve;

disposing an adjustor having a magnet with a magnetic axis

at least partially within the locator;

permitting the adjustor to move at least two of lateral,

rotational, and orbital in the locator;

aligning the magnetic axis with the rotor axis and displac-
ing the rotor into the unlocked state;

10

maintaiming the unlocked state when the magnetic axis and 13

the rotor axis are misaligned; and
adjusting the valve to the target setting.
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11. The method of claim 10, further comprising the step of
placing the valve rotor in the locked state when removing the
adjustor from the locator.

12. The method of claim 10, wherein the permitting step

comprises the step of reducing a dimension of the adjustor to
less than a comparable dimension of the locator.

13. The method of claim 12, wherein the adjusting step

comprises the step of expanding the dimension of the adjustor
to permit the adjustor to rotate within the locator.

14. The method of claim 13, further comprising the step of

biasing the adjustor to maintain one of the reduced dimension
or the expanded dimension.

15. The method of claim 13, further comprising the step of

recentering the adjustor within the locator using a re-center-
ing element disposed on the locator.
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